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Objective

Develop a federated control scheme and stability
framework that connects many individual entities with
simple controllers to achieve overall system performance

as a group
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Introduction =targe=scate systems

Large-scale systems refer to systems that consist of 3evera
Interconnected local systems
A large scale dynamic system is characterized by theserfacto
High dimensionality of state variables

High complexity of computation

High dimensionality of input and output states

The majority of natural processes consist of multiple
sub-systems

Most practical engineering systems consist of multiple
sub-systems
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Introduction -centralized Control

There is an enormous amount of literature on stability anslgnd design of

linear control systems

The literature is insufficient in the area of stability arsa¢yand design on

federated control of large-scale systems

S: = Axz + Bu

wherez is the state vectom is the control input.A and B are the system matrices
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INntroduction -becentralized Control \ lSKCS 201 1

Control of large-scale systems is often accomplished bypm@osing them into
many manageable small sub-systems and then applyingdraaditontrol
schemes

N
S: T; = AZZCZ -+ BZ’LLZ -+ Zeiinj:cj 1 E {1, IR ,N}

sub-systems J=1

7

~

interconnected states

wherex; is thei-th state vectoru; is thei-th control input.A; and B; are the system matrices
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Connectiv HHEV- S ,520“

Consider a large-scale system

St x; = fi(taxiauiz +fl7;(t, €171, €i2T2, -+ ,e;nTN) € {1l,--- N}

J

Ve Ve

interconnected ofV subsystem interconnection functions

Aggregate matriXt = (w;;) defined by

1 —eijki&i, 1=

Wij = . .
—€z'j/<3z'fz‘j, L F ]

The decentralized systesis connectively stable if the matrid’ is a real
symmetric positive definite matrix
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The concept of multi-agent based control came from the Aiifintelligent
research

The multi-agent system is a networked system composed difteul
Intelligent agents that are autonomous enough to operdépendently

Intelligent agents are abstractions of software entihas are autonomous,
capable of sensing and directing action towards the erwiean, and seek to
achieve goals

The agents are usually cooperative agents that aim to achieemmon goal
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Characteristics of multi-agent systems are:
Each agent has incomplete information of the overall sygteal views)
Each agent has limited capabilities for solving the prob{&mple)
The global control is of the system usually omit{&kcentralization)
Sensing and computation are distributed to each g@enbnomy)

Computation is asynchronous

Fundamental nature of the agents: autonomous, commuwacatd reactive
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Introduction —wutticagentvode

Consider a group oV identical agents, moving in B™ space maintaining a
consensus via local communication with their neighbors gragh

G = (V,E)

An agent could be described mathematically as a doublerattagplant

x; € R™ is the position of theé-th agentw; € R™ is the velocity ands; € R™ is the agent
interconnection control associated with thtéh agent

The control objective is
All agents move at a desired speed

Maintaining constant distances between each agent
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Introduction =wuit-agentcontrol

A typical example of the control law

wi =c1 Yy VU([lwg —zil)nig 4 c2 D aii(v; — vi) + ca(—ky(wi — ) — ko (vi — v;))
JEN; JEN; h ~— g
N N ,, navigation

TV TV

potential consensus

The potential function? is a user defined function satisfying certain propertiesafor
particular problem

Ax* + Bx + a, x € |0,d]
\Ij(x) — b (:C—T‘)Q
o(z—r)exp(——F—), z€|d,0)
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Consider the Hamiltonian functioH (x, v) = P(x) + K(v)
—— ——
collective potential collective kinetic

P(z) = > > W(lz; — )
i=1j#i

1
K@) = Y ol
1=1

Following Lyapunov stability concept, differentiatingetiHamiltonian function, yields

dv

H = Z VP — E,v)

— <VP,U) + (—=VP — Lv,v)
—(Lv,v) <0

where equality holds only whem = 0. L is always symmetric and positive semi-definite

The chosen Hamiltonian is stable in the sense of Lyapunov

and all agents asymptotically converge to the desired fboma
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Summary of Current State of- thevap 2011

Centralized control method

A common approach that combines all the sub-systems intgga thmension

model

Decentralized control method

A frequently used technigue to decompose a large-scalersyisto manageable

small sub-systems

Multi-agent based control

Modeling each sub-system as a particle

No Good Methods Exist for Large-scale Syste

Considering Sub-system Dynamics

IMmS
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There is an enormous amount of literature on analysis andries
linear control systems, however it is insufficient in theaaoé
stability analysis on federated control of large-scaleéesys

Centralized Control paradigm cannot meet the challenggfobhil performance
requirements and stability

Traditional decentralized method can lose flexibility andlability
Computation is synchronized in decentralized control sthe

Common agent based control method may be too simple to exgld-system
dynamics behavior

Agent-based control schemes normally ignore the sub+sydy@mamics
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Develop system stability evaluation and control methogglwameworks for
large-scale systems using agent-based federated control

The federated control concept is motivated by the polistalcture of a
federal government

Each entity based controller maintains its own control lamdcal stability

Each entity has partial observations of the state of othitiesvia
communication networks and executes the local control lanespondingly
to satisfy the performance requirements at the overalesy$tvel

Enables cooperative management of multiple autonomodspandent

and interrelated systems
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Federated control scheme connects many individual ettt
simple controllers to achieve overall system performarsca group

Federated control is implemented in an agent based software
controller

The concept of federated control with the incorporation of
multi-agents provides the capabillity to revolutionize getive
decentralized control

Federated control enhances the overall connected system
performance robustness in a cooperative and interactpvada
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StampedeGroup of self propelled dynamics agree upon certain questit
of interest and move in the same direction
m Collective behavior

m Cooperative behavior

m Coordinative behavior
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Potential |

= Separation: Steer to avoid crowding and collision
= Alignment: Steer towards the average heading

= Cohesion: Steer towards a position maintaining
unity
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No global system contrqDecentralization)

Each agent having incomplete information of the overalteygLocal
Views)

Each agent having limited capabillities for solving the peob(Simplified
controller)

The observation of the neighbor agent states being basen ageat’'s self
stability (Selfishness)

Each agent based controller maintaining its own controlftavits local
stability (Self-sufficient)

Sensing and computation being distributed to each a@enbnomy)

Individual agent performance being constrained by globakensus
(Federated control)
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Federated Controt-architecture

~_ISRCS 201

Federated control composes local autonomous entitiestt@gsed
controllers) that cooperate to provide an overall (largales) system behavior

Agent represents an independent controller of a local gatem

Each agent interconnects with its appropriate neighberésgommunication

[ Plant 1 J
Actions T Percepts
Agent 1
—{—|Controller
L Gains —

Agent Decision Processing
(Policies, Rules, etc...)

G Port
Performance
Goal

Plant i J
Actions T Percepts
Agent i
—(—|Controller grnLs
L Gains [—

Agent Decision Processing
(Policies, Rules, etc...)

G Port
=

Performance
Goal

Communication Environment

Connection Configuration

Ee
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Federated Controt-stuctre

The global goal at the federal level is communicated by tlentegyvia the
communication network.

Each agent makes its control decision independently angesdts controller
accordingly upon receiving the goal request and the st&denmation from
the other agents at the local level

Each agent has partial observations of the state from ofesita via
communication networks

u Plant i Yi
Si (o)

L CHTE

Perlicept's '

Sensors

Local Controller
Ki

I | Performance Goal |

Decision Processing

1

I Communication
| Environment

!:‘_ Agent i
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A linear federated control system can be constructed as

y; = Cix;
U; = uf)ocalControl 4+ u?gentControl

A general form of the-th agent controller

AgentContro esire
uIMC O (s — 1)) + 23 (0 — )+ (ks )

e . -~ 4
Potential term \ JEN ., Federated term

~

Consensus term
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Linear interconnected system

N
S: &= Ay + Biuli_ocal Control_l_ ~i eijAi;T; i€ {1,--- N}
g=1

wheree;; is the interconnection matrix ang is the consensus connective strength
Stability analysis is based upon the concept of vector Lgapdunctions

Vi(z;) = x?Hzxz
whereH; is a positive definite matrix

The systenSis connectively stable if the matri¥/ is positive definite

1
Amin(Gi) o) 2 T A . .
W= (i) = 4 Domaa{ly — Gidmar (Al Ai), 1=
—eq;j)\%ax(Ag;Aij), i # §
whereG; is a symmetric positive matrix and satisfies the Lyapunowvimatuation:

ATH, + H; AT +G; =0

—p. 23/32



A Typical %Qam'p'le—'ﬁm-ﬁhp?m%%s 2011

The ship models are described as

. 0 1 0

S1open-I00p X1 = r1 + Uy
—0.0288 O 1
. 0 1 0

S20pen-I00p - L2 = T + Uz
—0.0029 0 1
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A Typical : - ISRCS 20™

It is assumed that each ship observes the state of the otlper sh

Each entity maintains a connection with the neighboring\eosing
connective strengthg, and~s

: 0 1 0 m

S1closed-loop-in'[erconnected I = T1+ T2
—84.7035 —13.4499 v1 0
. 0 1 0 7

S2c|osed-|oop—interconnected - L2 = T2 + I
—065.9551 —10.2131 vo 0
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The Lyapunov function is defined a¢z;) = z! Hzx;

H is a positive definite matrix

The systent; will be connectively stable based on the determination of

vi = maxq 2\7;:;&}3) }, subject to the Lyapunov matrix equation

It implies that the connective strengths ate= 0.1531 and~,; = 0.1499
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Both ship’s roll control agents successfully stabilize $he roll motion when an
Initial disturbance is presented

System Response of Ship Roll Angle System Response of Ship Roll Angular Velocity
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Because the connective strengths were properly chosentitehip 1 roll motion
stabilizing performance was minimally impacted by the odtillation of ship 2

System Response of Ship Roll Angle System Response of Ship Roll Angular Velocity

1 15
—— Ship1 6 — Shipl w
...... Ship2 6 1r coee Ship2 w
051

Angle
Angular Velocity
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Time Time
Ship Motioné Control Ship Roll Motionw Control
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An unstable system would affect the stability of the neighimpsystem, and the
stable neighboring system should reject the connectigithé unstable neighbor
to maintain its own stability

System Response of Ship Roll Angle System Response of Ship Roll Angular Velocity

- — Shipl ®
—— Ship1 6 ;
AF Ship26 |
3+ 4
2
2t S 8
g g
3 g
H 3 1 3
_1 L \\: -
_2 I I I I _35 I I I I
0 1 2 3 4 5 0 1 2 3 4 5
Time Time
Ship Motioné Control Ship Roll Motionw Control

—p. 29/32



A Typical e ISRCS 20M

The connective strength is improperly computed and the twhesystems are

connected through these wrongly computedthen the overall connected system
will be unstable

System Response of Ship Roll Angle System Response of Ship Roll Angular Velocity
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Conclusions

The concept of federated cooperative control of largeescal
systems and its implementation using multi-agent based
framework is presented

The multi-agent interconnection and cooperative conieal t
single agents together to form a large-scale system

Large-scale system stability through a multi-agent based
controller is proved using the Lyapunov approach and
computing the appropriate agent connective strength
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Thank you
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